Background Generally, surgeons' perceptions of surgical safety are based on experience and institutional policy. Our recent pilot survey demonstrated that the acceptable duration of surgery and criteria for open conversion during laparoscopic cholecystectomy (LC) vary among workplaces. Methods A web-based survey was distributed to 554 expert LC surgeons in Japan, Korea, and Taiwan. The questionnaire covered LC experience, safety measures and recognition of landmarks, decision-making regarding conversion to open/partial cholecystectomy and the implications of this decision. Overall responses were compared among nations, and then stratified by LC experience level (lifetime cases 200-499, 500-999, and ≥1,000). Results The response rate was 92.6% (513/554); 67 surgeons with ≤199 LCs were excluded, and responses from 446 surgeons were analyzed. We observed significant differences among nations on almost all questions. Differences that remained after stratification by LC experience were on questions related to acceptable duration of surgery, adoption rates of intraoperative cholangiography, the "critical view of safety" technique, identification of Rouvi ere's sulcus, recognition of the SS-Inner layer theory, and intraoperative judgment to abandon conventional LC. Conclusions Even among experts, surgeons' perceptions during LC are workplacedependent. A novel grading system of surgical difficulty and standardized LC procedures are paramount to generate high-level evidence.
Introduction
Laparoscopic cholecystectomy (LC) is generally the treatment of choice for acute cholecystitis [1] [2] [3] . However, the level of inflammation of the gallbladder and its surroundings, which is directly proportional to surgical difficulty, is highly variable. The 2013 Tokyo Guidelines [4] and the 2016 World Society of Emergency Surgery Guidelines [5] recommend consideration of open conversion and/or partial cholecystectomy as needed. However, the decision to abandon conventional LC is surgeon-dependent, and no useful indicators exist.
The incidence of serious LC-related vasculobiliary complications is reported to be 0.2%-1.1% [6] [7] [8] , and is speculated to be two to five times higher than in open cholecystectomy [9, 10] . LC is one of the most common surgical procedures, meaning that the absolute number of patients who suffer complications is high. Therefore, standardized countermeasures are needed. Most studies that described predictors of surgical difficulty, such as preoperative radiological findings [11] [12] [13] , the timing of LC [3, 14] , and the use of preoperative drainage [15, 16] , came from single institutions and did not provide high-level evidence. Most of these reports used the duration of surgery [11] [12] [13] and open conversion rate [17] [18] [19] [20] [21] as indicators of surgical difficulty. These endpoints depend on the individual surgeon's skill level and institutional policy, therefore preventing multicenter trials.
Our pilot survey [22] with surgeons from Japan, Korea, and Taiwan clarified that there is considerable difference among workplaces in the maximum duration of surgery and estimated blood loss acceptable for LC. The adoption rate of safety measures during LC such as intraoperative cholangiography and the "critical view of safety" technique also varied. This indicates that standardization of LC procedures is necessary. The major limitations of our pilot study were the small sample size (n = 61) and considerable difference in surgeons' LC experience [22] . To validate our preliminary results, we conducted a largescale survey involving expert LC surgeons from the same three nations to permit stratified analyses based on workplace and LC experience.
Materials and methods
In October 2015 (Korea and Taiwan) and in March 2016 (Japan), we emailed expert LC surgeons working in highvolume surgical institutions in Japan, Korea, and Taiwan with an invitation to participate in a web-based survey. The selection criteria of an "expert LC surgeon" and a "high-volume surgical institution" were left to the discretion of the chairperson of each nation (T. T., Japan; H. H. S., Korea; and T. L. H., Taiwan). The questionnaire was written in English, and was almost identical to that used in the pilot survey [22] . In brief, we asked 11 questions covering: (1) Figure S1 . We defined an "expert LC surgeon" as a surgeon who had experienced ≥200 LC cases. Respondents not meeting this criterion were excluded from further analyses.
Data are presented as number (%) of respondents. Multinomial logit models (for Questions 4-6) and logistic regression models (for Questions 7 and 9) were generated using LC experience level (200-499, 500-999, and ≥1,000 cases) and nation as explanatory variables to investigate their effect. When the effect of nations was statistically significant, we used Fisher's exact test to compare pairs of nations by LC experience level. A P-value of <0.05 was defined as statistically significant. These analyses were exploratory; therefore, data were not adjusted for multiplicity. All statistical analyses were performed using R software (http://cran.r-project.org). This survey was conducted after approval from the Institutional Review Board of Oita University (Approval No. 818).
Results

Respondent information (Questions 1-3)
We sent a link to the web-based questionnaire to 554 surgeons (Japan, n = 284; Korea, n = 98; Taiwan, n = 131) via email. Responses were received from 513 surgeons (response rate, 92.6%). In total, 67 participants did not meet our "expert LC surgeon" criterion (≥200 cases of LC) and were excluded from the analyses. Responses from the remaining 446 surgeons were analyzed ( Table 1 ). Japan and Taiwan shared a similar distribution across the LC experience levels. In contrast, >60% of respondents from Korea had experienced ≥1,000 LCs.
Maximum duration of surgery acceptable for LC (Question 4)
Although approximately half of the Japanese surgeons responded "≤180 min," only 20% of Korean and 30% of Taiwanese surgeons gave this response. The difference in distribution was statistically significant among nations (P < 0.001). Comparison of responses among nations after stratification by LC experience showed a significant difference for each experience level (200-499, P < 0.001; 500-999, P = 0.001; and ≥1,000, P = 0.04) ( Table 2) . Japanese surgeons showed a tendency to choose "No limits" as they gained experience.
Maximum estimated blood loss tolerable for LC (Question 5)
The majority of Japanese surgeons chose "≤100 ml," "≤200 ml," or "≤300 ml" as the maximum estimated blood loss tolerable for LC. In contrast, approximately half of the Korean and Taiwanese surgeons replied "≤500 ml" or "No limits" (P < 0.001). When responses were stratified by LC experience, the only significant difference among nations was in the 200-499 cases group, with the threshold of tolerable estimated blood loss lower in the Japanese group (P = 0.04) ( Table 2) .
Safety measures and recognition of landmarks (Question 6)
Intraoperative cholangiography "Exceptional cases" was the most frequent response for all three nations, and none of the Korean surgeons responded "Always" or "Majority of cases" (Fig. 1) . Significant differences were observed among nations for each LC experience level (200-499, P < 0.001; 500-999, P = 0.01; ≥1,000, P < 0.001).
The "critical view of safety" technique Almost all Japanese surgeons responded "Always" or "Majority of cases" (Fig. 2) . However, when stratified by LC experience, there were significant differences among the nations for all three experience levels (200-499, P < 0.001; 500-999, P = 0.001; ≥1,000, P = 0.004), although the difference between Korea and Taiwan was not statistically significant (200-499, P = 0.46; 500-999, P = 0.44; ≥1,000, P = 0.54).
Identification of Rouvi ere's sulcus
The vast majority of Japanese surgeons responded either "Always" or "Majority of cases" to this question, whereas 70% of Korean and 45% of Taiwanese surgeons gave those responses (Fig. 3) . The pattern of responses was similar to that for the question on the "critical view of safety" technique. Although there were significant differences among nations at all three LC experience levels (200-499, P < 0.001; 500-999, P < 0.001; ≥1,000, P < 0.001), no statistically significant difference was observed between Korea and Taiwan (200-499, P = 0.06; 500-999, P = 0.13; ≥1,000, P = 0.08).
Exposure of the SS-Inner layer during dissection of the gallbladder bed (Questions 7 and 8)
Over 80% of Japanese surgeons recognized the SS-Inner layer theory, whereas this was the case in 40% of surgeons in Korea and 58% in Taiwan. Regardless of LC experience, approximately 90% of Japanese surgeons indicated that they would "Always" or in the "Majority of cases" expose the SS-Inner layer at the time of gallbladder dissection (Fig. 4) . The number of surgeons using this technique in the Korean and Taiwanese groups tended to be lower ranging from 65% to 75% in the "500-999" and "≥1,000" LC experience levels.
Intraoperative clinical scenarios for abandoning conventional LC and converting to open cholecystectomy, or laparoscopic partial cholecystectomy, etc (Question 9)
For "Extensive blood loss," the portion of respondents was significantly different among the three nations in two experience levels (200-499, P < 0.009; 500-999, P < 0.001) and Japanese surgeons were more likely to abandon conventional LC at each experience level (>70%-90%) than Korean (44%-50%) and Taiwanese (67%-77%) surgeons. Of all respondents, 80.7% (95% confidence interval, 76.7%-84.3%) chose "Damage to adjacent organs or biliary tract injury" and no significant difference was observed among nations at each level of LC experience (200-499, P = 0.52; 500-999, P = 0.14; ≥1,000, P = 0.88). Korean surgeons in all three LC experience categories tended to pursue conventional LC for the remaining three options ("Extensive operative time," "Extensive and dense adhesion to surrounding organs and/ or greater omentum," and "Severe fibrosis and scarring in Calot's triangle or gallbladder bed due to inflammation") ( Table 3) .
Whether or not open conversion would make the operation much easier in difficult LC cases (Question 10)
More Taiwanese surgeons (35.6%) responded "Yes" to this question than Japanese (11.0%) and Korean (14.9%) surgeons. This tendency remained unchanged The "critical view of safety" technique for all three levels after stratification by LC experience (Table 3) .
Discussion
Our large-scale, multinational survey involving >500 participants from Japan, Korea, and Taiwan achieved a high response rate (92.6%) and validated the results of our pilot study [22] . Commonly used indicators of surgical difficulty during LC, such as the duration of surgery, estimated blood loss, and open conversion rate are inappropriate as they are surgeon-and workplace-dependent. Moreover, safety measures and recognition of landmarks and gallbladder anatomy during LC are performed at the surgeons' discretion and are not yet standardized. For questions regarding the acceptable duration of surgery and blood loss, Japanese surgeons were more likely to choose "No limits" (time does not matter/the amount of blood loss does not matter) as LC experience increased. This suggests that more experienced surgeons have the liberty to extend operative time and accept a larger amount of blood loss. Interestingly, this trend was not observed in Korea or Taiwan, although the number of surgeons who responded "No limits" in those two groups was higher than in Japan. Differences in health care systems may play a bigger role in determining acceptable duration of surgery and blood loss than surgeons' accumulated experience.
Responses to the question about the circumstances under which conventional LC could be abandoned did not significantly differ among nations when stratified by LC experience level, with "Extensive blood loss" being the only exception. A Dutch study that recruited >1,500 patients reported more than four-fold higher open conversion rates for non-laparoscopy surgeons compared with laparoscopy-oriented surgeons [27] . The discrepancy between our study and those results may be attributed to the nature of our survey; we investigated surgeons' strategic thought processes, rather than asking the actual open conversion rate. In addition, >80% of our respondents agreed that "Damage to adjacent organs or biliary tract injury" was a clinical scenario that changed the surgical plan, and no significant difference was observed by either nation or LC experience. However, for the remaining three situations listed in that question ("Extensive operative time," "Extensive and dense adhesion to surrounding organs and/or greater omentum," and "Severe fibrosis and scarring in Calot's triangle or gallbladder bed due to inflammation"), respondents from Korea in the LC experience categories 200-499 and 500-999 cases were more likely to adhere to LC compared with those from other nations. This implies that Korean surgeons aim for completion of LC regardless of experience level. In addition, for the question on the recognition of open conversion, ≥20% of all respondents responded that it would either be "Equally difficult" or make the operation even "More difficult." The portions of surgeons in Korea and Japan who gave these responses were significantly larger than in Taiwan, indicating that surgeons' perceptions differ by experience level and by nation.
For safety measures and recognition of landmarks during LC, the adoption rates of intraoperative cholangiography, the "critical view of safety" technique, and identification of Rouvi ere's sulcus were significantly higher in Japan compared with Korea and Taiwan. The use of intraoperative cholangiography varies worldwide: 25% in the USA and the UK [28, 29] , 60% in Australia [30] , and less than 5% in the Netherlands [31] . Because of conflicting results, several authors concluded that the clinical information currently available is insufficient to support routine use [32] [33] [34] , and there is room to establish high-level evidence. On the other hand, the "critical view of safety" technique has been accepted worldwide as the gold standard to prevent bile duct injury. In the present study, the adoption rate ("Always" and "Majority of cases" combined) for this technique was 97.6% in Japan and 83.9% in Korea, comparable with rates in the Netherlands (97.6%) and in the UK and Ireland (82%). In a recent study from Japan, Honda et al. proposed that the exposure of the inner layer of the SS layer during LC is a promising procedure to avoid vasculobiliary injuries, and should become a universal standard [26] . This might explain why the recognition and adoption rate of the SSInner layer theory was higher in Japan than in Korea and Taiwan. Nevertheless, the present study indicates that expert LC surgeons from Japan, Korea, and Taiwan share a high level of awareness of standardized LC procedures, which should facilitate future multicenter, international trials and generate high-level evidence. We have conducted a Delphi study involving >500 expert LC surgeons to build a universal consensus on surgical difficulty based on 25 key intraoperative findings [22] and its data are under analysis at the time of this report. The consensus would form the basis of a novel grading system of surgical difficulty during LC, which in turn should serve as a gold standard to evaluate LC procedures (e.g. early versus delayed LC for acute cholecystitis, indications of preoperative gallbladder drainage and its impact on LC, etc) [22] . The limitations of our study include an imbalance in the number of participants (Japanese surgeons accounted for the majority of all respondents) and the disproportionate distribution of LC experience (the majority of Korean surgeons had experienced ≥1,000 LCs) among the three nations. To adjust for these factors, we used multinomial logit models and logistic regression models after stratification by LC experience level. Furthermore, we do not know whether or not our participants were truly representative of each nation. We believe that the observed difference in surgeons' strategies did not result from uniform clinical practice in each nation, but rather reflected each center's policy.
In conclusion, our large-scale, multinational survey clearly demonstrated that surgeons' perceptions during LC are workplace-dependent, even among experts. Therefore, commonly used indices such as duration of surgery and open conversion rate are inappropriate indicators of surgical difficulty for universal application in multicenter, international trials. A novel grading system of surgical difficulty and standardization of LC procedures are paramount to generate high-level evidence. 
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